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1. INTRODUCTION {#cas13429-sec-0001}
===============

microRNA‐451 (*miR‐451*) gene is located on chromosome 17 at 17q11.2 in intergenic regions adjacent to the protein‐coding gene *ERAL1* (Era G‐protein‐like 1).[1](#cas13429-bib-0001){ref-type="ref"} miRNA expression profiling analyses have recently identified miR‐451 as a highly conserved miRNA expressed in several species, including mice and humans.[2](#cas13429-bib-0002){ref-type="ref"} Many studies have established that miR‐451 is widely dysregulated in human malignancies, including lung cancer,[3](#cas13429-bib-0003){ref-type="ref"}, [4](#cas13429-bib-0004){ref-type="ref"} gastric cancer,[5](#cas13429-bib-0005){ref-type="ref"}, [6](#cas13429-bib-0006){ref-type="ref"}, [7](#cas13429-bib-0007){ref-type="ref"}, [8](#cas13429-bib-0008){ref-type="ref"} breast cancer,[9](#cas13429-bib-0009){ref-type="ref"} glioma,[10](#cas13429-bib-0010){ref-type="ref"}, [11](#cas13429-bib-0011){ref-type="ref"} and leukemia.[12](#cas13429-bib-0012){ref-type="ref"}, [13](#cas13429-bib-0013){ref-type="ref"}, [14](#cas13429-bib-0014){ref-type="ref"}, [15](#cas13429-bib-0015){ref-type="ref"} Some studies have indicated miR‐451 as an anti‐cancer gene that can inhibit cell growth, proliferation, invasion and enhance apoptosis.[3](#cas13429-bib-0003){ref-type="ref"}, [5](#cas13429-bib-0005){ref-type="ref"}, [11](#cas13429-bib-0011){ref-type="ref"}, [16](#cas13429-bib-0016){ref-type="ref"} miR‐451 can work intracellularly and by secretion. Thus, miR‐451 is regarded as one of the potential ideal miRNA biomarkers in cancer diagnosis.[1](#cas13429-bib-0001){ref-type="ref"}, [12](#cas13429-bib-0012){ref-type="ref"}, [17](#cas13429-bib-0017){ref-type="ref"}

Exosomes are cell‐derived vesicles that are present in perhaps all eukaryotic fluids, including blood, urine, and culture medium of cell cultures.[18](#cas13429-bib-0018){ref-type="ref"}, [19](#cas13429-bib-0019){ref-type="ref"}, [20](#cas13429-bib-0020){ref-type="ref"} First discovered in the maturing mammalian reticulocytes (immature red blood cell), exosomes were shown to participate in the selective removal of many plasma membrane proteins as the reticulocyte becomes a mature red blood cell.[21](#cas13429-bib-0021){ref-type="ref"} Exosomes contain various molecular constituents of their cell of origin, including proteins and RNA. Studies concerning profiling comparison of miRNAs in exosomes between cancer and normal tissues has enabled a new direction of cancer research.[20](#cas13429-bib-0020){ref-type="ref"} As mentioned earlier, miR‐451 is a secreting miRNA that can also be detected in exosomes. However, the detailed roles of exosome miR‐451 are largely unknown. In the present study, we investigated the existence and the roles of secreting miR‐451 in human gastric cancer, as well as its value in diagnosis.

2. MATERIALS AND METHODS {#cas13429-sec-0002}
========================

2.1. Patients {#cas13429-sec-0003}
-------------

The present hospital‐based case‐control study consisted of 76 GC patients and 42 cancer‐free controls. All subjects were recruited from the 359th Hospital of PLA between January 2012 and January 2017. All patients were undergoing surgery treatment for primary GC; those with other hematological disorders, previous history of cancers, and chemotherapy were excluded. The cancer‐free control subjects from the same geographic area showed no evidence of a genetic relationship with the cases. This study was approved by the Ethics Review Board of the 359th Hospital of PLA, and all patients provided written informed consent. Clinical features of all cases and controls are presented in Table [1](#cas13429-tbl-0001){ref-type="table-wrap"}.

###### 

Clinical characteristics of gastric cancer patients and cancer‐free controls

  Characteristics                   Cases (n = 76)   Controls (n = 42)   *P*‐value           
  --------------------------------- ---------------- ------------------- ----------- ------- ---------
  Age (years)                                                                                
  ≤50                               36               47.37               24          57.14   .805
  \>50                              40               52.63               18          42.86   
  Gender                                                                                     
  Male                              38               50.00               19          45.24   .248
  Female                            38               50.00               23          54.76   
  *Helicobacter pylori* infection                                                            
  Positive                          59               77.63               7           16.67   \<.0001
  Negative                          17               22.37               35          83.33   
  Differentiation                                                                            
  G1                                18               23.68                                   
  G2                                22               28.95                                   
  G3                                24               31.58                                   
  G4                                12               15.79                                   
  TMN stage                                                                                  
  I                                 12               15.79                                   
  II                                22               28.95                                   
  III                               24               31.58                                   
  IV                                18               23.68                                   
  Tumor size (cm)                                                                            
  ≤5 cm                             37               48.68                                   
  \>5 cm                            39               51.32                                   
  Metastasis                                                                                 
  Yes                               42               55.26                                   
  No                                34               44.74                                   
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2.2. Cell line and reagents {#cas13429-sec-0004}
---------------------------

Gastric cancer cell lines including MKN‐45 were purchased from ATCC. All cells were cultured in DMEM purchased from Gibco (Carlsbad, CA, USA) supplemented with 10% FBS (Invitrogen, Carlsbad, NM, USA) and maintained in humidified 5% CO~2~ at 37°C. Human T cells were purified from erythrocyte lysis blood using a Dynabeads™ CD3 (11151D; ThermoFisher Scientific, Waltham, MA, USA). Human T cells were maintained in a T‐cell culture medium which was RPMI‐1640 medium with 10% FBS (Invitrogen) and 100 IU hrIL‐2 (14‐8029‐81; eBioscience, San Diego, CA, USA).

Th17 cell polarization stimulation was based on, but slightly modified from, the previous publication.[22](#cas13429-bib-0022){ref-type="ref"} Briefly, 1 × 10^5^ purified human T cells were cocultured with MKN‐45 in T cell medium and treated with cytokines including interleukin (IL)‐6 (10 ng/mL), IL‐1β (10 ng/mL), transforming growth factor beta (TGF‐β)1 (5‐10 ng/mL), and IL‐23 (10 ng/mL) for 5 days. Five hours just before flow cytometry detection, the T cells were treated with PMA (50 ng/mL), ionomycin (1 μg/mL) as well as the transport inhibitor Brefeldin A. Th17 cells were detected by flow cytometry using BD Pharmingen™ (San Jose, CA, USA) PE Mouse anti‐Human RORγt (563081), BD Pharmingen™ Alexa Fluor® 647 Mouse anti‐Human IL‐17A (560491), and gated with BD Pharmingen™ FITC Mouse Anti‐Human CD4 (561005).

2.3. Real‐time PCR {#cas13429-sec-0005}
------------------

Total RNA of both paired gastric cancer and peri‐tumor tissue and infiltrated T cells was isolated with TRIzol reagent. RNA in exosomes was extracted using the Total Exosome RNA & Protein Isolation Kit (4478545; ThermoFisher Scientific) according to the manufacturer\'s instructions. Expression of miR‐451 was detected by using TaqMan Advanced miRNA assay (A25576; Waltham, MA).

2.4. Isolation of tumor infiltrated T cells {#cas13429-sec-0006}
-------------------------------------------

Fresh tissue‐infiltrating lymphocytes were obtained according to the following procedure.[23](#cas13429-bib-0023){ref-type="ref"} Briefly, cancer and peri‐tumor tissues were cut into small pieces and digested in 100 U/mL Collagenase type IV and 100 μg/mL DNase in RPMI + 10% FBS in RPMI‐1640. Dissociated cells were filtered through a 75‐μm cell strainer and separated by Ficoll centrifugation, and mononuclear cells were washed and resuspended in RPMI‐1640 supplemented with 10% FBS (FBS) (Gibco). T cells were purified with anti‐CD3 magnetic Dynabeads (11151D; ThermoFisher Scientific) according to the manufacturer\'s instructions.

2.5. Exosome extraction from human serum {#cas13429-sec-0007}
----------------------------------------

Serum sample was centrifuged at 2000 *g* for 30 minute to remove cells and debris. The supernatant containing the clarified serum was transferred to a new tube; the exosome was isolated by using a Total exosome isolation kit (4478360; ThermoFisher Scientific, Waltham, MA, USA). Briefly, 1 mL serum was mixed well by vortexing with 200 μL of exosome isolation reagent, incubated at 4°C for 30 minute, and centrifuging the sample at 10 000 *g* for 10 minute at room temperature. The pellet was resuspended in PBS.

2.6. Western blot {#cas13429-sec-0008}
-----------------

For western blotting, proteins were extracted from tissues or cultured cells using RIPA buffer containing PMSF (Beyotime, Nantong, China). An equal amount of proteins (100 μg) was separated by 7.5%/12.5% SDS‐PAGE and transferred to a PVDF membrane. Primary polyclonal antibodies targeting TSC1(ab), AMPK Thy (ab133462), AMPK (ab6672), mTOR Ser (ab2486), mTOR (ab142349), Anti‐S6K1 antibody \[E175\] (ab32359), Anti‐S6K1 (phospho T389) antibody (ab2571), Anti‐EGR2 antibody \[EPR4004\] (ab108399) were purchased from Abcam (Cambridge, MA, USA). Secondary antibodies were anti‐rabbit or anti‐mouse HRP‐linked and purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Blots were developed using ECL reagent (Millipore, Burlington, MA, USA). An equal amount of protein loading in each lane was confirmed using β‐actin antibody. ImageJ software (NIH, Bethesda, MD, USA) quantified the integrated density of the band.

2.7. Immunofluorescence staining {#cas13429-sec-0009}
--------------------------------

Cancer cells‐T cells coculture system consisted of MKN‐45 and human T cells in the ratio of 10:1; the cells were planted into a 4‐well‐Millicell® EZ SLIDES (Millipore) with 10% Matrigel (Corning, Corning, NY, USA). The sides were stained for co‐staining of in situ hybridization (ISH) and immunocytochemistry (ICC) staining according to a previous publication.[24](#cas13429-bib-0024){ref-type="ref"} miR‐451 was detected with a Cy3 labeled probe to miR‐451 (HM451‐100) (BioGenex, Fremont, CA, USA), T cells were detected with antibody targeting CD3 (ab699; Abcam, Cambridge, MA, USA) followed by goat anti‐mouse IgG H&L (Alexa Fluor® 647) (ab150115; Abcam) and exosome was detected by using antibody targeting CD63 (ab68418; Abcam) followed by goat anti‐rabbit Cy5 labeled second antibody (ab97077; Abcam). Slides were finally mounted with Fluoroshield Mounting Medium With DAPI (ab104139; Abcam).

2.8. Immunohistochemistry (IHC) staining {#cas13429-sec-0010}
----------------------------------------

Sections were stained according to a previous publication.[23](#cas13429-bib-0023){ref-type="ref"} The section was incubated with primary mouse anti‐human Ab for RORγt (MABF81; Millipore), the sections were stained with diaminobenzidine (DAB) according to manufacturer\'s protocols and mounted and photographed using a digitalized microscope camera (Nikon, Tokyo, Japan).

2.9. Statistical analysis {#cas13429-sec-0011}
-------------------------

Differences between cases and controls were evaluated by Student\'s *t* test for continuous variables and χ^2^ test for categorical variables. The 2 values correlation was evaluated by linear correlation analysis and tested by F‐test. Overall survival in different groups was analyzed by using Kaplan‐Meier curve. All statistical analyses were carried out using Statistical Package for Social Sciences (SPSS Ver. 12; IBM, Armonk, NY, USA) software.

3. RESULTS {#cas13429-sec-0012}
==========

3.1. miR‐451 was differently distributed in tumor tissue, infiltrated T cells and exosomes in human gastric cancer {#cas13429-sec-0013}
------------------------------------------------------------------------------------------------------------------

To investigate the expression of miR‐451 in human gastric cancer, we selected 76 paired gastric cancer and peri‐tumor fresh tissues. Expression of miR‐451 was determined by real‐time PCR; the result indicated that miR‐451 was significantly lower in gastric tumor tissues compared to their peri‐tumor tissue (Figure [1](#cas13429-fig-0001){ref-type="fig"}A), the result was similar to many previous studies.[8](#cas13429-bib-0008){ref-type="ref"}, [25](#cas13429-bib-0025){ref-type="ref"} Next, we isolated tumor infiltrating leukocytes (TIL) from the tumor and peri‐tumor tissues and further isolated CD3‐positive cells with magnetic beads. We found an interesting result that miR‐451 was overexpressed in infiltrated T cells in tumor tissues (Figure [1](#cas13429-fig-0001){ref-type="fig"}B). As many studies indicated that miR‐451 is a secreting miRNA and can be detected in human serum,[26](#cas13429-bib-0026){ref-type="ref"} and the secreting miRNA can be packaged by exosomes,[20](#cas13429-bib-0020){ref-type="ref"} we isolated the exosomes from the serum of gastric cancer patients as well as 42 healthy controls. Exosome miR‐451 was significantly higher in gastric cancer patients compared to the healthy controls (Figure [1](#cas13429-fig-0001){ref-type="fig"}C).

![MicroRNA (MiR‐451) was differently distributed in tumor tissue, infiltrated T cells and exosomes in human gastric cancer (GC). Relative expression of miR‐451 was detected in (A) 76 paired human gastric cancer and peri‐tumor tissues and (B) tumor infiltrated T cells isolated from tumor and peri‐tumor tissues. C, Relative expression of miR‐451 was detected in exosomes extracted from serum obtained from GC patients (n = 76) and healthy controls (n = 42). Comparisons of relative expression of miR‐451 were carried out within (D) tumor tissues, (E) infiltrated T cells and (F) exosomes obtained from different TMN‐stage GC. All experiments were carried out in triplicate; data are presented as mean ± SD. \*\**P* \< .01](CAS-109-65-g001){#cas13429-fig-0001}

We then further explored the expression of miR‐451 depending on different clinical features. First, we divided the GC patients into 2 groups: G1‐G2 (n = 40) and G3‐G4 (n = 36). We found that miR‐451 was significantly higher in the G1‐G2 tumor tissues and lower in the infiltrated T cells and exosomes (Figure [1](#cas13429-fig-0001){ref-type="fig"}E,F). Next, expression of miR‐451 in tumor tissue, serum exosomes and infiltrated T cells was compared within different TMN stage (I‐II vs III‐IV) and different tumor size (≤5 cm and \>5 cm). The result indicated that miR‐451 was significantly lower in the tumors with I‐II TMN stage and smaller size, and significantly higher in serum exosome and infiltrated T cells of the patients with II‐IV TMN stage and bigger size (Table [2](#cas13429-tbl-0002){ref-type="table-wrap"}). The results might indicate that poorly differentiated gastric cancer with high proliferation and metastasis potential has a lower miR‐451 distribution within the tumor and higher miR‐451 in the infiltrated T cells and exosomes.

###### 

Comparison of miR‐451 expression in tumor tissues, serum exosome and infiltrated T cells within different clinical features

  Features     Exosome miR‐451                           Tumor tissue miR‐451                       Infiltrated T cell miR‐451
  ------------ ----------------------------------------- ------------------------------------------ ------------------------------------------
  TMN stage                                                                                         
  I‐II         0.08966 ± 0.002833, n = 34                0.05736 ± 0.001678, n = 34                 0.04994 ± 0.001614, n = 34
  III‐IV       0.1003 ± 0.002229, n = 42 (*P* = .0036)   0.05006 ± 0.001293, n = 42 (*P* = .0008)   0.05627 ± 0.001362, n = 42 (*P* = .0035)
  Tumor size                                                                                        
  ≤5 cm        0.09022 ± 0.00229, n = 37                 0.05662 ± 0.001539, n = 37                 0.04989 ± 0.00168, n = 37
  \>5 cm       0.1021 ± 0.002698, n = 39 (*P* = .0013)   0.0502 ± 0.001446, n = 39 (*P* = .0033)    0.05683 ± 0.001174, n = 39 (*P* = .0013)

miR, micro RNA.
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3.2. Infiltrated T cells and exosome miR‐451 were indicators of poor prognosis of GC patients {#cas13429-sec-0014}
---------------------------------------------------------------------------------------------

Based on the results of the different distributions of miR‐451 in human gastric cancer, we postulated that miR‐451 in infiltrating T cells and exosomes might be partially derived from gastric cancer cells. To test this hypothesis, we further analyzed whether miR‐451 expression in tumor cells was associated with it in infiltrated T cells and exosome. Through a linear correlation study, the result revealed that expression of GC‐miR451 was negatively correlated to infiltrated T cells‐miR‐451 (Figure [2](#cas13429-fig-0002){ref-type="fig"}A), whereas exosome‐miR‐451 was positively correlated to infiltrated T cells‐miR‐451 (Figure [2](#cas13429-fig-0002){ref-type="fig"}B). This result might indicate that downregulation of miR‐451 in GC tissues might associate with infiltrated T cells miR‐451 and exosome‐miR‐451 by a secreting method.

![Infiltrated T cells and exosome microRNA‐451 (miR‐451) were indicators of poor prognosis of gastric cancer (GC) patients. Linear correlation studies were carried out by (A) tumor miR‐451 vs exosome miR‐451 and (B) tumor infiltrated T cell miR‐451 vs exosome miR‐451. Survival curve carried out using Kaplan‐Meier curve for post‐surgery patients by indicators of (C) tumor miR‐451, (D) tumor infiltrated T cells and (E) exosome miR‐451, respectively. All experiments were carried out in triplicate](CAS-109-65-g002){#cas13429-fig-0002}

We also carried out a follow‐up study to track the prognosis of GC patients involved our study with various sources of miR‐451. We divided GC patients into high and low expression groups according to the median of each group. For the GC‐miR‐451, the miR‐451^Low^ group had a significantly poor prognosis compared to the miR‐451^High^ group, with a 5‐year survival rate of 15.2% (HR = 3.454, 95% CI: 2.323‐4.507, *P* \< .0001) (Figure [2](#cas13429-fig-0002){ref-type="fig"}C); for the infiltrated T cells, the miR‐451^High^ group had a significantly poor prognosis with a 5‐year survival of 14.4% (HR = 4.100, 95% CI: 2.715‐4.631, *P* \< .0001) (Figure [2](#cas13429-fig-0002){ref-type="fig"}D); for the exosomes, it was similar to the infiltrated T cells in that the miR‐451^High^ group had a significantly poorer prognosis with a 5‐year survival of 15.9% (HR = 4.344, 95% CI: 2.853‐5.721, *P* \< .0001) (Figure [2](#cas13429-fig-0002){ref-type="fig"}E). We compared these 3 indicators, and exosome miR‐451 is a relatively feasible and easily acquired indicator for predicting the prognosis of post‐surgery GC patients. Previous studies indicated that miR‐451 might negatively associate with the activity of mechanistic target of rapamycin (mTOR) which is an essential factor in glycolysis,[27](#cas13429-bib-0027){ref-type="ref"}, [28](#cas13429-bib-0028){ref-type="ref"} and mTOR activity was associated with Th17 cell differentiation.[29](#cas13429-bib-0029){ref-type="ref"}, [30](#cas13429-bib-0030){ref-type="ref"} Therefore, the association between exosome miR‐451 and Th17 cells will be further investigated.

3.3. Exosome miR‐451 was associated with Th17 distribution within infiltrated T cells {#cas13429-sec-0015}
-------------------------------------------------------------------------------------

To investigate the role of miR‐451 in the tumor microenvironment (TME), we analyzed Th17 distribution within human GC. First, we determined Th17 percentage in the tumor infiltrated T cells. We defined Th17 as the subset of CD4+ IL‐17A+ RORγt+ T cells after we gated the cells with CD4, and we found that exosome‐miR‐451^High^ GC patients had significantly more abundant Th17 (24.82 ± 0.7180, N = 42) than exosome‐miR‐451^Low^ patients (19.78 ± 0.6816, n = 34) (*P* = .0016). Furthermore, we confirmed such result by IHC staining of RORγt. RORγt‐positive cells were non‐tumor infiltrated immune cells, and the exosome‐miR‐451^High^ tissues had more positive cells than the exosome‐miR‐451^Low^ tissues (Figure [3](#cas13429-fig-0003){ref-type="fig"}B). These results suggested that overexpression of miR‐451 in T cells was associated with Th17 differentiation.

![Exosome microRNA‐451 (miR‐451) was associated with T‐helper 17 (Th17) distribution within infiltrated T cells. A, Comparison of Th17 cell percentage within tumor infiltrated T cells between exosome miR‐451^High^ and exosome miR‐451^Low^ subgroups. Th17 were detected by using flow cytometry for CD4+ interleukin (IL)‐17A+ RORγt+ cells. B, Distribution of Th17 was detected using immunohistochemistry (IHC) for RORγt within gastric cancer tissues in exosome miR‐451^High^ and exosome miR‐451^Low^ subgroups. All experiments were carried out in triplicate; data are presented as mean ± SD. \*\**P* \< .01. IOD, Integrated optical density](CAS-109-65-g003){#cas13429-fig-0003}

3.4. GC exosome‐derived miR‐451 might contribute to increased Th17 differentiation in low glucose condition {#cas13429-sec-0016}
-----------------------------------------------------------------------------------------------------------

To test the hypothesis that infiltrated T cells and exosome miR‐451 is derived from GC cells, we set up a cancer cell‐T cell coculture system. Based on the previous studies indicating that expression of miR‐451 depended on the concentration of glucose,[27](#cas13429-bib-0027){ref-type="ref"} high and low glucose culture conditions were used. With the treatment of high glucose, miR‐451 was highly expressed mainly in GC cells, part of miR‐451 was enveloped in the exosome, and the expression of miR‐451 was relatively lower in the T cells cocultured with GC cells (Figure [4](#cas13429-fig-0004){ref-type="fig"}A). However, when we changed to the low glucose condition, the distribution of miR‐451 changed inversely, GC miR‐451 expression decreased while the T cells miR‐451 increased significantly. We noticed that the miR‐451‐positive exosome was detected out of the cancer cells (Figure [4](#cas13429-fig-0004){ref-type="fig"}A). Furthermore, as a control, we also detected miR‐451 expression in separated cultured T cells with low and high glucose, respectively. We found that miR‐451 expression in the low glucose medium was much lower than the expression in the high glucose medium (Figure [4](#cas13429-fig-0004){ref-type="fig"}A). Therefore, we can verify the postulation that miR‐451 can be transferred from GC cells to T cells by exosomes.

![Gastric cancer (GC) exosome‐derived microRNA‐451 (miR‐451) might contribute to increased T‐helper 17 (Th17) differentiation in the low glucose condition. A, MNK45 and human peripheral T cells and T cells alone were cocultured using high (3.7 g/L) and low (1 g/L) glucose conditions for 48 h. Immunofluorescence staining was carried out to detect miR‐451 (cy3‐labeled miR‐451 probe), CD3 (Alexa Fluor® 647 labeled) and CD63 (cy5‐labeled Ab). B, Expression of miR‐451 was detected using real‐time PCR in different treatments indicated in the figure. C, T cells were isolated from the coculture system, and separating system described as above; the protein was extracted and analyzed with Abs for TSC1, AMPK (Thr172), total AMPK,mTOR (Ser2448), total mTOR and controlled by β‐Actin. D, Comparison of Th17 cell percentage with polarization simulations and treatments indicated in the figure. Th17 was detected using flow cytometry for CD4+ interleukin (IL)‐17A +RORγt+ cells. E, Activation of S6K1/EGR2 signaling was detected by using western blot in the GC tumor cocultured T cells treated differently. All experiments were carried out in triplicate; data are presented as mean ± SD. \*\**P* \< .01](CAS-109-65-g004){#cas13429-fig-0004}

To confirm that miR‐451 can be secreted into cell culture medium by exosomes in low glucose conditions, MKN45 cells were treated with high and low glucose, and the expression of miR‐451 in cancer cells and exosomes was detected. Results revealed that expression of miR‐451 in MKN‐451 was decreased in the low glucose condition; on the contrary, exosome miR‐451 was increased in the low glucose condition compared to the high glucose condition (Figure [4](#cas13429-fig-0004){ref-type="fig"}B). We further investigated the expression of miR‐451 targeting gene TSC1 and its downstream pathway both in the cocultured T cells and in the separated cultured T cells. The results were interesting, as in the high glucose condition, expression of TSC1 in the separated cultured T cells showed no significant difference to the cocultured T cells downstream, including the activity of AMPK and mTOR (Figure [4](#cas13429-fig-0004){ref-type="fig"}B). However, it showed a significant difference in the low glucose condition; we found that the separated cultured T cells had a significantly low TSC1 expression, lower AMPK activity and higher mTOR activity than the cocultured T cells (Figure [4](#cas13429-fig-0004){ref-type="fig"}C). We also carried out a Th17 polarization stimulation assay using the GC‐T cells coculture method; the T cells were collected after 5 days stimulation, the result indicated that the Th17 percentage increased significantly in the low glucose condition (Figure [4](#cas13429-fig-0004){ref-type="fig"}D). The signaling pathway was also investigated, and we found that low glucose can increase activation of s6k1/ERG2 activation in GC cocultured T cells (Figure [4](#cas13429-fig-0004){ref-type="fig"}E) which was one of the signaling pathways regulating Th17 by mTOR.[31](#cas13429-bib-0031){ref-type="ref"} Taken together, we concluded that the increased percentage of Th17 might be as a result of increased miR‐451 within the infiltrated T cells, and the increased miR‐451 was GC exosome originated.

4. DISCUSSION {#cas13429-sec-0017}
=============

Several studies have indicated that miR‐451 is energy‐responding miRNA, the transcription of which can be modulated by some environmentally sensitive transcriptional factors and pathways such as OCT‐1[7](#cas13429-bib-0007){ref-type="ref"}, [27](#cas13429-bib-0027){ref-type="ref"} and LKB1/AMPK[28](#cas13429-bib-0028){ref-type="ref"} in different types of cells. For instance, in glioma cells, overexpression of miR‐451 sensitized cells to glucose deprivation, suggesting that its downregulation is necessary for robust activation of LKB1 in response to metabolic stress. A similar result was also obtained from another independent group indicating that miR‐451 was negatively regulated through the phosphorylation and inactivation of its direct transcriptional activator OCT1 by AMPK, which is activated by glucose depletion‐induced metabolic stress.[27](#cas13429-bib-0027){ref-type="ref"} In the present study, we investigated such a phenomenon in a human gastric cancer cell; miR‐451 expression was enhanced with high glucose treatment and decreased significantly when the glucose level was low, and this regulation was TSC1/AMPK/mTOR‐related. However, at least 1 question remains: Where does miR‐451 go when the glucose level decreases? Besides the increased degeneration of miR‐451 itself, is there any possibility that miR‐451 was secreted out of the cells? Our results answered this question, and the answer is affirmative. We also think the results can be applied to explain one of our findings as to why the expression of miR‐451 was dramatically decreased in the cancer tissues compared to the non‐tumor tissues.

Many studies have shown that miR‐451 is downregulated in human GC; the downregulation of miR‐451 tends to be positively correlated with tumor stage, lymphatic metastasis and shorter overall survival of patients.[8](#cas13429-bib-0008){ref-type="ref"} Our results were similar to previous studies and, moreover, we found that miR‐451 expression was inversely related to both the infiltrated T cells and exosomes. High expression of miR‐451 in both tumor infiltrated T cells and exosomes can serve as an indicator of poor prognosis in post‐surgery GC patients. We postulated that secretion of miR‐451 from GC cells might be another reason for downregulation of miR‐451 in GC, because miR‐451 can be secreted from cancer cells, especially in the condition of low glucose which is a common condition in the tumor.

Exosomes are one of the hot spots in recent cancer research; related studies can be seen in many types of human malignancies[19](#cas13429-bib-0019){ref-type="ref"}, [20](#cas13429-bib-0020){ref-type="ref"} including leukemia, lymphoma, liver cancer, colorectal cancer, gastric cancer as well as other malignancies. It is one of the main mediators in charge of cellular communications. Exosomes are also one of the new focuses in TME studies. Cancer cells can modify immunity by sending signals including RNAs and proteins etc. to immune cells. For example, exosomes of patients with active head and neck cancers were effective in inducing apoptosis of CD8+ T cells, suppression of CD4+ T cell proliferation and upregulation of regulatory T cells (Treg) suppressor functions.[16](#cas13429-bib-0016){ref-type="ref"} Another study also indicated that exosome effects included selective impairment of IL‐2‐mediated CD25 upregulation, affecting all but the CD3(+)CD8(−) T‐cell subset. IL‐2‐induced Foxp3 expression by CD4(+)CD25(+) cells was not inhibited by tumor exosomes, and the suppressive function of CD4(+)CD25(+) T cells was enhanced by exosomes.[32](#cas13429-bib-0032){ref-type="ref"} In our study, we not only confirmed that cancer cells could modulate TME by exosomes, but also unveiled some mechanisms of exosome secretion from cancer cells. The cancer cells can switch their metabolism model by miR‐451 secretion and meanwhile change the Th17 confluence TME which can promote angiogenesis to obtain more energy.[22](#cas13429-bib-0022){ref-type="ref"}, [23](#cas13429-bib-0023){ref-type="ref"}, [33](#cas13429-bib-0033){ref-type="ref"}

Conclusively, in our study, we found that exosome miR‐451 can serve as an indicator for poor prognosis of post‐surgery GC patients and that increased secretion of exosome miR‐451 can be triggered in a low glucose condition. Moreover, exosome miR‐451 can be transferred to T cells which increase their differentiation to Th17 cells. We think our findings not only highlight the possibility to apply exosome miR‐451 in clinical diagnosis, but also to enhance our knowledge of how tumor cells modify the microenvironment and thus to find feasible therapeutic strategies.
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